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(54) STATOR FOR ROTARY ELECTRIC MACHINE

(57) In a stator 10, a coil 50 includes plural slot coils
25 that are inserted into slots 23 and plural connection
coils 40 that connect the slot coils 25 in positions lying
further axially outwards than axial end faces of a stator
core 21. The slot coils 25 and the connection coils 40 are

formed by plate conductors having planar plate surfaces
that intersect a thickness direction. The slot coils 25 and
the connection coils 40 are joined together on abutment
surfaces P2, P3 with the plate surfaces of the plate con-
ductors made to face each other for surface contact.
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Description

Technical Field

[0001] The present invention relates to a stator for an
electric rotary machine that can be mounted on an electric
vehicle, a hybrid vehicle and the like.

Background Art

[0002] There have conventionally be known stators of
electric rotary machines in which coils are prepared by
winding winding wires around teeth of a stator core. In
the conventional electric rotary machines in which the
coils are prepared by winding the winding wires around
the teeth, since the winding wires and the stator core
need to be handled separately and the winding wires are
wound around the teeth with insulation paper held ther-
ebetween, the winding operation becomes complex, and
since the insulation paper is bitten into, there are fears
that an appropriate insulation performance cannot be en-
sured.
[0003] Then, in recent years, electric rotary machines
have been proposed which employ segment coils as a
different type of electric rotary machine stator. For exam-
ple, in a stator for an electric rotary machine described
in Patent Literatures 1 and 2, each connection coil that
connects slot coils of the same phase is joined to end
portions of slot coils that are inserted into slots in the
stator core by crimping.

Prior Art Literature

Patent Literature

[0004]

Patent Literature 1: JP-B-5389109
Patent Literature 2: JP-A-2000-270506

Summary of the Invention

Problem that the Invention is to Solve

[0005] However, in the event that the slot coils and the
connection coils are joined together through crimping, it
becomes difficult to satisfy the required positional accu-
racy of the projecting portions and the hole portions at
plural crimping portions, and there are also fears that the
required joining strength cannot be obtained sufficiently
or that the joining strength varies.
[0006] In addition, when attempting to enhance the po-
sitional accuracy of the projecting portions and the hole
portions at the plural crimping portions to the required
level, there are fears that the increase in working cost
causes the increase of the production cost of the electric
rotary machine.
[0007] The invention has been made in view of the

problems described above, and an object thereof is to
provide a stator for an electric rotary machine that is easy
to be fabricated and that can obtain a sufficient joining
strength with which coils are joined together.

Means for Solving the Problem

[0008] With a view to achieving the object, Claim 1 de-
fines a stator (e.g., a stator 10 in embodiment) for an
electric rotary machine including:

a stator core (e.g., stator core 21 in embodiment),
which has plural slots (e.g., slots 23 in embodiment);
and
a coil (e.g., a coil 50 in embodiment), which is at-
tached to the stator core, wherein:

the coil has plural slot coils (e.g., slot coils 25 in
embodiment), each slot coil being inserted into
the slot, and plural connection coils (e.g., con-
nection coils 40 in embodiment), each connec-
tion coil connecting the slot coils in a position
lying further axially outwards than an axial end
face (e.g., an end face 21a, 21b in embodiment)
of the stator core, and is constituted in such a
way that the slot coil and the connection coil are
joined at an abutment portion (e.g., an abutment
surface P2, P3 in embodiment);
the slot coil and the connection coil are formed
by plate conductors, the plate conductor having
a plate surface (e.g., a side surface 26, 111a,
27b, 122a) that is planar and that intersects a
thickness direction thereof; and
the plate surface of the slot coil is brought into
surface contact with the plate surface of the con-
nection coil in the abutment portion.

[0009] Claim 2 defines, based on Claim 1, the stator
for an electric rotary machine, wherein:

a step portion (e.g., a step portion 26a, 27a in em-
bodiment) is formed on at least one of the slot coil
and the connection coil in such a way that a thickness
thereof is reduced partially; and
an other of the slot coil and the connection coil is
brought into abutment with the step portion formed
on the at least one of the slot coil and the connection
coil.

[0010] Claim 3 defines, based on Claim 1 or 2, the sta-
tor for an electric rotary machine, wherein:

the connection coils are aligned so that the plate sur-
faces thereof follow an axial direction; and
a thickness of the connection coil is smaller than an
axial width (e.g., an axial width L2 in embodiment)
thereof.
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[0011] Claim 4 define, based on any one of Claims 1
to 3, the stator for an electric rotary machine, wherein:

the connection coil includes an inner connection coil
(e.g., an inner connection coil 42 in embodiment)
and an outer connection coil (e.g., an outer connec-
tion coil 41 in embodiment) that are disposed in dif-
ferent axial positions;
at least one of the inner connection coil and the outer
connection coil includes an axial extending portion
(e.g., an outer connection coil extending portion 113,
an inner connection coil extending portion 124 in em-
bodiment) that extends in the axial direction; and
the inner connection coil and the outer connection
coil are joined together via the axial extending por-
tion.

[0012] Claim 5 defines, based on any one of Claims 1
to 4, the stator for an electric rotary machine, wherein
a thickness (e.g., a thickness t1 in embodiment) of the
slot coil and a thickness of the connection coil are equal
to each other.
[0013] Claim 6 defines, based on any one of Claims 1
to 5, the stator for an electric rotary machine, wherein
a sectional area of the connection coil that intersects an
electric current direction at a right angle is greater than
a sectional area of the slot coil that intersects the electric
current direction at a right angle.
[0014] Claim 7 defines, based on Claim 6, the stator
for an electric rotary machine, wherein
an electric conductivity of a material that makes up the
connection coil is smaller than an electric conductivity of
a material that makes up the slot coil.
[0015] Claim 8 defines, based on any one of Claims 1
to 7, the stator for an electric rotary machine, wherein:

the slot coils are covered with an insulation material
(e.g., an insulation material 28 in embodiment); and
the connection coils are accommodated in an insu-
lation plate (e.g., a base plate 31L, 31R in embodi-
ment).

[0016] Claim 9 defines, based on Claim 8, the stator
for an electric rotary machine, wherein surfaces of the
slot coil and the connection coil have no insulation coat-
ings.
[0017] Claim 10 defines a stator (e.g., a stator 10 in
embodiment) for an electric rotary machine including:

a stator core (e.g., a stator core 21 in embodiment),
which has plural slots (e.g., slots 23 in embodiment);
and
a coil (e.g., a coil 50 in embodiment), which is at-
tached to the stator core, wherein:

the coil has plural slot coils (e.g., slot coils 25 in
embodiment), each slot coil being inserted into
the slot, and plural connection coils (e.g., con-

nection coils 40 in the embodiment), each con-
nection coil connecting the slot coils in a position
lying further axially outwards than an axial end
face (e.g., an end face 21a, 21b in embodiment)
of the stator core, and is constituted in such a
way that the slot coil and the connection coil are
joined at an abutment portion (e.g., an abutment
surface P2, P3 in embodiment); and
a sectional area of the connection coil that inter-
sects an electric current direction at a right angle
is greater than a sectional area of the slot coil
that intersects the electric current direction at a
right angle.

Advantage of the Invention

[0018] According to Claim 1, since the slot coils and
the connection coils are formed by the plate conductors,
the slot coils and the connection coils can easily be fab-
ricated by the conductive materials, whereby the in-
crease in production costs can be suppressed. Since the
slot coils and the connection coils are joined together at
the abutment portions where the plate surfaces of the
plate conductors of the slot coils and the connection coils
are brought into surface abutment with each other, it be-
comes easy to ensure the joining area, whereby not only
can the joining strength be ensured but also the increase
in contact resistance can be suppressed.
[0019] According to Claim 2, the slot coil and the con-
nection coil can easily be positioned at the step portion,
and hence, space where to dispose a fastening jig or the
like on the periphery thereof can be omitted.
[0020] According to Claim 3, the thickness of the con-
nection coil that is arranged so that the plate surface fol-
lows the axial direction is smaller than the axial width
thereof, and therefore, the connection coils of different
phases that are arranged in the same axial position can
be disposed closely in a circumferential direction. By
adopting this configuration, the increase in axial width
(the increase in the number of stages) can be suppressed
which would otherwise be caused by stacking up the con-
nection coils of different phases in the axial direction,
whereby the stator can be made smaller in size as a
whole.
[0021] According to Claim 4, since the necessity of a
connecting member is obviated which connects the inner
connection coil and the outer connection coil that are
disposed in the different axial positions, the increase in
the number of parts making up the coil can be sup-
pressed.
[0022] According to Claim 5, since the slot coil and the
connection coil can be formed of the common sheet ma-
terial, the yield of the material can be improved, thereby
making it possible to suppress the increase in production
costs.
[0023] According to Claim 6, in the slot coil disposed
in the slot, the sectional area of the conductor tends to
be limited by the limitation on the slot dimensions. How-
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ever, the sectional area of the conductor of the connec-
tion coil that is positioned further axially outwards than
the axial end face of the stator core and which is hence
free from the limitation described above is made greater
than the sectional area of the conductor of the slot coil,
whereby the increase in electrical resistance of the whole
of the coil can be suppressed, thereby making it possible
to suppress the copper loss.
[0024] According to Claim 7, an inexpensive material
having a small electric conductivity can be used, and the
increase in electrical resistance can be suppressed by
making the sectional area of the conductor of the con-
nection coil greater than the sectional area of the con-
ductor of the slot coil.
[0025] According to Claim 8, the insulation between
the adjacent connection coils or the adjacent slot coils
can be ensured by the insulation material and the insu-
lation plate.
[0026] According to Claim 9, since the insulation be-
tween the slot coils or the connection coils can be en-
sured by the insulation material and the insulation plate
without covering the surfaces of the slot coil and the con-
nection coil with the insulation coatings, the increase in
production costs can be suppressed, compared with a
case where a conductor is used which is covered with
an insulating coating in advance.
[0027] According to Claim 10, in the slot coil disposed
in the slot, the sectional area of the conductor tends to
be limited by the limitation on the slot dimensions. How-
ever, the sectional area of the conductor of the connec-
tion coil that is positioned further axially outwards than
the axial end face of the stator core and which is hence
free from the limitation described above is made greater
than the sectional area of the conductor of the slot coil,
whereby the increase in electrical resistance of the whole
of the coil can be suppressed, thereby making it possible
to suppress the copper loss.

Brief Description of Drawings

[0028]

Fig. 1 is a perspective view of a stator for an electric
rotary machine according to the invention.
Fig. 2 is an exploded perspective view of the stator
shown in Fig. 1.
Fig. 3 is an exploded perspective view of one of base
plate assemblies shown in Fig. 2.
Fig. 4 is an exploded perspective view of the other
of the base plate assemblies shown in Fig. 2.
Fig. 5A is a perspective view of a slot coil.
Fig. 5B is an exploded perspective view of the slot
coil.
Fig. 6 is a vertical sectional view showing part of the
stator shown in Fig. 1.
Fig. 7A is a front view showing part of the base plate
assemblies shown in Figs. 3 and 4.
Fig. 7B is a front view showing part of the base plate

assembly shown in Fig. 4.
Fig. 8 is a perspective view of coils of different phas-
es.
Fig. 9 is a front view of Fig. 8.
Fig. 10 is a perspective view of a coil of one phase
that is taken out of the coils of plurality of phases
shown in Fig. 8.
Fig. 11 is a development view showing a mode of
connecting a U-phase coils.
Fig. 12 is a schematic view showing a mode of con-
necting U-phase, V-phase and W-phase coils.
Fig. 13A is a perspective view of an outer connection
coil.
Fig. 13B is a perspective view of an inner connection
coil.
Fig. 14 is a perspective view illustrating the joining
of an outer connection coil extending portion and an
inner connection coil extending portion.
Fig. 15 is a perspective view illustrating the joining
of a radially inner end portion of the outer connection
coil and a step portion of a radially outer slot coil and
the joining of a radially inner end portion of the inner
connection coil and a step portion of a radially inner
slot coil.
Fig. 16 is a view of one slot coil inserted into one of
the slots shown in Fig. 15 as seen from a radially
inner side.
Fig. 17 is a front view showing part of a base plate
assembly of a modified example.

Mode for Carrying out the Invention

[0029] Hereinafter, an embodiment of a stator for an
electric rotary machine of the invention will be described
based on the accompanying drawings. The drawings
should be seen in a direction in which reference numerals
given therein look proper.

[Stator]

[0030] As shown in Figs. 1 and 2, a stator 10 for an
electric rotary machine of this embodiment includes a
stator core assembly 20 and a pair of base plate assem-
blies 30L, 30R, and the base plate assemblies 30L, 30R
are disposed at both ends of the stator core assembly
20. An insulation sheet 65 of, for example, a silicone
sheet is disposed between the stator core assembly 20
and each of the base plate assemblies 30L, 30R to insu-
late the stator core assembly 20 from the base plate as-
semblies 30L, 30R.

[1 Stator Core Assembly]

[0031] The stator core assembly 20 includes a stator
core 21 and plural (108 in the illustrated embodiment)
slot coils 25.

5 6 
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[1-1 Stator Core]

[0032] The stator core 21 is made up, for example, of
plural pressed and punched sheets of silicon steel that
are laminated together and includes plural (108 in the
illustrated embodiment) teeth 22 and plural (108 in the
illustrated embodiment) slots 23 that are defined between
the adjacent teeth 22 on a radially inner side thereof. The
slots 23 are formed so as to penetrate the stator core 21
in an axial direction thereof, are each formed into a sub-
stantially elliptic shape that is long in a radial direction of
the stator core 21 as seen in the axial direction and each
has an opening portion 24 that opens to an inner circum-
ferential surface of the stator core 21.

[1-2 Slot Coil]

[0033] Referring also to Figs. 5A, 5B and 6, the slot
coil 25 inserted into each slot 23 has a radially outer slot
coil 26 and a radially inner slot coil 27 which are both a
plate conductor having a rectangular section, and the
radially outer slot coil 26 and the radially inner slot coil
27 are surrounded therearound excluding axial end por-
tions thereof by an insulation material 28 having a rec-
tangular section which is an injection molded resin,
whereby the radially outer slot coil 26 and the radially
inner slot coil 27 are formed into an integral unit. Specif-
ically speaking, the radially outer slot coil 26 is set at a
length (L1+4xL2) that is substantially equal to a sum of
an axial width L1 of the stator core 21 and a total axial
width (4xL2) of four connection coils 40, which will be
described later, and axial end portions are exposed in-
dividually from the insulation material 28 by a length
(2xL2) substantially equaling a total axial width of two
connection coils 40. Further, at one axial end portion of
the radially outer slot coil 26, a surface oriented in one
circumferential direction is cut out by a length (L2) equal-
ling the axial width of one connection coil 40 in a step-
like fashion so as to reduce a thickness of the one axial
end portion, whereby a step portion 26a is formed on the
one axial end portion, while at the other axial end portion
of the radially outer slot coil 26, a surface oriented in the
other circumferential direction is cut out by the length (L2)
equalling the axial width of one connection coil 40 in a
step-like fashion so as to reduce a thickness of the other
axial end portion, whereby a step portion 26a is formed
on the other axial end portion.
[0034] The radially inner slot coil 27 is set at a length
(L1+2xL2) that is substantially equal to a sum of the axial
width (L1) of the stator core 21 and a total axial width
(2xL2) of two connection coils 40, which will be described
later, and axial end portions are exposed individually from
the insulation material 28 by the length (L2) substantially
equaling an axial width of one connection coil 40. Further,
at one axial end portion of the radially inner slot coil 27,
a surface oriented in the other circumferential direction
is cut out by a length (L2) equalling the axial width of one
connection coil 40 in a step-like fashion so as to reduce

a thickness of the one axial end portion, whereby a step
portion 27a is formed on the one axial end portion, while
at the other axial end portion of the radially inner slot coil
27, a surface oriented in the one circumferential direction
is cut out by the length (L2) equalling the axial width of
one connection coil 40 in a step-like fashion so as to
reduce a thickness of the other axial end portion, whereby
a step portion 27a is formed on the other axial end portion.
[0035] In other words, in the slot coil 25, the radially
outer slot coil 26 is exposed from the insulation material
28 at the axial ends thereof by the length (2xL2) substan-
tially equalling the total axial width of two connection coils
40, and the radially inner slot coil 27 is exposed from the
insulation material 28 at the axial ends thereof by the
length (L2) equalling the axial width of one connection
coil 40. The step portions 26a, 27a are formed at the
distal end portions of the radially outer slot coil 26 and
the radially inner slot coil 27 by the length (L2) equalling
the axial width of one connection coil 40 so as to be ori-
ented in the opposite circumferential directions. In addi-
tion, the step portions 26a of the radially outer slot coil
26 and the step portions 27a of the radially inner slot coil
27 are formed so as to be oriented in the opposite cir-
cumferential directions at the one axial end portion and
the other axial end portion.
[0036] The plural (108 in the illustrated embodiment)
slot coils 25 each made up of the radially outer slot coil
26 and the radially inner slot coil 27 are disposed along
the radial directions of the stator core 21 so that the ra-
dially outer slot coils 26 are situated on a radially outer
side and the radially inner slot coils 27 are situated on a
radially inner side. The slot coils 25 are inserted individ-
ually into the plural slots 23 formed in the stator core 21
and are aligned in the circumferential direction of the sta-
tor core 21, thereby making up the stator core assembly
20.
[0037] The radially outer slot coil 26 is inserted into the
slot 23 so that the distal end portions project individually
from both end faces 21a, 21b of the stator core 21 by the
distance (2xL2) that is substantially equal to the total axial
width of substantially two connection coils 40, and the
radially inner slot coil 27 is inserted into the slot 23 so
that the distal end portions project individually from both
the end faces 21a, 21b of the stator core 21 by the length
(L2) that is equal to the axial width of substantially one
connection coil 40.
[0038] The insulation material 28 that covers the radi-
ally outer slot coil 26 and the radially inner slot coil 27 is
interposed between both the slot coils 26, 27 and the slot
23 in the stator core 21 so as to ensure the insulation
between the radially outer and inner slot coils 26, 27 and
the stator core 21.
[0039] The insulation material 28 that covers the radi-
ally outer slot coil 26 and the radially inner slot coil 27
has substantially the same shape as that of the slot 23
but is slightly greater than the slot 23, and the insulation
material 28 can easily be fixed into the slot 23 through
press fitting. Since the radially outer slot coil 26 and the

7 8 



EP 3 128 648 A1

6

5

10

15

20

25

30

35

40

45

50

55

radially inner slot coil 27 are thicker than the conventional
coils that are made up of the winding wires wound around
the teeth, the space factor of the slot 23 is advantageous-
ly improved.

[2 Base Plate Assembly]

[0040] The base plate assemblies 30L, 30R that are
disposed individually at the ends of the stator core as-
sembly 20 include base plates 31L, 31R and plural con-
nection coils 40, as shown in Figs. 3 and 4.

[2-1 Base Plates]

[0041] The base plates 31 L, 31 R are substantially
annular members that are formed from a resin having
insulation properties (a non-magnetic material) and
which have a bore diameter and an outside diameter that
are substantially the same as those of the stator core 21.
[0042] As shown in Fig. 3, a plurality (108 in the illus-
trated embodiment) of radially outer through holes 32
and a plurality (108 in the illustrated embodiment) of ra-
dially inner through holes 33 are formed at equal intervals
in a radially inner side of the base plate 31R so as to
correspond to the radially outer slot coils 26 and the ra-
dially inner slot coils 27, respectively, of the slot coils 25
that are inserted into the slots 23 in the stator core 21.
The radially outer through holes 32 and the radially inner
through holes 33 penetrate the base plate 31R to estab-
lish a communication between an outer surface 35 and
an inner surface 36 of the base plate 31R. By assembling
the base plate assembly 30R to the stator core assembly
20, the distal end portions of the radially outer slot coils
26 that are inserted into the slots 23 in the stator core 21
and which project from the end faces 21a, 21b of the
stator core 21 are disposed in the radially outer through
holes 32 of the base plate 31R and the distal end portions
of the radially inner slot coils 27 that are inserted into the
slots 23 in the stator core 21 and which project from the
end faces 21a, 21b of the stator core 21 are disposed in
the radially inner through holes 33 of the base plate 31R.
In the radially outer through holes 32, opening portions
that open to the inner surface 36 are smaller than opening
portions that open to the outer surface 35, and are caused
to penetrate the base plate 31R at only portions where
the distal end portions of the radially outer slot coils 26
pass through.
[0043] Further, a plurality (108 in this illustrated em-
bodiment) of outer circumferential holes 34 are formed
at equal intervals in a radially outer side of the base plate
31R so as to penetrate the base plate 31R, whereby a
communication is established between the outer surface
35 and the inner surface 36. As shown in Fig. 7A, a plu-
rality (108 in this illustrated embodiment) of outer surface
grooves 37 and a plurality (108 in this illustrated embod-
iment) of inner surface grooves 38 are formed on the
outer surface 35 and the inner surface 36 of the base
plate 31R, respectively, so as to extend in circumferential

directions along involute curves in such a way as to lie
close to one another. The outer surface grooves 37 and
the inner surface grooves 38 have a substantially U-
shaped cross section and open to the outer surface 35
and the inner surface 36, respectively.
[0044] The base plate 31L basically has a similar con-
struction to that of the base plate 31R. A plurality (108 in
the illustrated embodiment) of radially outer through
holes 32 and a plurality (108 in the illustrated embodi-
ment) of radially inner through holes 33 are also formed
at equal intervals in a radially inner side of the base plate
31L so as to correspond to the radially outer slot coils 26
and the radially inner slot coils 27, respectively, of the
slot coils 25 that are inserted into the slots 23 in the stator
core 21. The radially outer through holes 32 and the ra-
dially inner through holes 33 penetrate the base plate
31L so as to establish a communication between the out-
er surface 35 and the inner surface 36 of the base plate
31R.
[0045] On the other hand, a deployed portion 31a that
extends into a fan shape is provided on a radially outer
side of an upper portion in the figure on a radially outer
side of the base plate 31L, and plural outer circumferen-
tial holes 34 are formed at equal intervals in other portions
than the deployed portion 31a so as to penetrate the base
plate 31 L to thereby establish a communication between
the outer surface 35 and the inner surface 36. In the de-
ployed portion 31a, two sets of two outer circumferential
holes 34a, each having an opening area that is slightly
greater than that of the other outer circumferential holes
34, are formed for each of U, V and W phases in such a
way as to hold six outer circumferential holes 34 there-
between, and input terminal notched portions 34c are
formed at equal intervals one for each phase. Input ter-
minal portions 43 of three inner connection coils 42b with
which the input terminal portions 43 are formed integrally
are disposed individually in the input terminal notched
portions 34c. The inner connection coils 42b will be de-
scribed later.
[0046] On a radially inner side of the deployed portion
31a of the base plate 31L, a set of two radially outer
through holes 32a, each having a busbar notched portion
(not shown) formed on an inner circumferential side
thereof, are formed for each phase in such a way as to
hold eight radially outer through holes 32 therebetween.
Further, radially inner through hole 33a having a middle
point busbar notched portion (not shown) formed on an
inner circumferential side thereof are formed for each
phase in such a way as to hold eleven radially inner
through holes 33 therebetween. Busbar connecting por-
tions of busbars 61U, 61V, 61W that connect coils of the
same phase together are disposed in the busbar notched
portions, and middle point busbar connecting portions of
middle point busbars 62 that connect coils of U, V, W
phases together are disposed in the middle point busbar
notched portions.
[0047] Radially outer end portions 112 of outer con-
nection coils 41 and radially outer end portions 123 of

9 10 



EP 3 128 648 A1

7

5

10

15

20

25

30

35

40

45

50

55

inner connection coils 42, which will be described later,
are disposed in the outer circumferential holes 34, 34a
of the base plates 31 L, 31R. The radially outer through
holes 32, 32a, the radially inner through holes 33, 33a
and the outer circumferential holes 34, 34a exhibit a rec-
tangular shape as seen from the axial direction and have
a space greater than the coil member (the radially outer
slot coil 26, the radially inner slot coil 27, the outer con-
nection coil 41) that is disposed in an interior thereof.
[0048] In addition, a plurality (102 in the outer surface
35 in this illustrated embodiment) of outer surface
grooves 37 and a plurality (102 in the inner surface 36 in
this illustrated embodiment) of inner surface grooves 38
are formed also on the outer surface 35 and the inner
surface 36 of the base plate 31L, respectively, so as to
extend in circumferential directions along involute curves
in such a way as to lie close to one another. The outer
surface grooves 37 and the inner surface grooves 38
have a substantially U-shaped cross section and open
to the outer surface 35 and the inner surface 36, respec-
tively. In the deployed portion 31a of the base plate 31
L, a total of twelve, four for each phase, outer surface
grooves 37a that are formed slightly longer than the other
outer surface grooves 37 are formed on the outer surface
35, and a total of fifteen, five for each phase, inner surface
grooves 38a that are formed slightly longer than the other
inner surface grooves 38 are formed on the inner surface
36. The number of outer surface grooves 37, 37a is small-
er by six, two for each phase, than the number of outer
surface grooves 37 that are formed on the base plate
31R, and the number of inner surface grooves 38, 38a
is smaller by three, one for each phase, than the number
of inner surface grooves 38 that are formed on the base
plate 31R. Instead, the coils of the same phases are con-
nected together by the busbars 61U, 61 V, 61W and the
coils of different phases are connected together by the
middle point busbars 62. In these base plates 31L, 31R,
as shown in Fig. 6, the outer surface grooves 37, 37a
that lie adjacent to one another and the inner surface
grooves 38, 38a that lie adjacent to one another are iso-
lated by walls 31b that rise from the base plate 31L, and
the outer surface grooves 37, 37a and the inner surface
grooves 38, 38a that face each other in the axial direction
are isolated by partition walls 31c, whereby the individual
grooves are electrically insulated from one another.
[0049] In the base plates 31L, 31R, a radially innermost
portion 39 where the radially inner through holes 33 are
formed is set at a length (L2) that is equal to an axial
width of one connection coil 40, and the other area than
the radially innermost portion 39 where the radially outer
through holes 32 and the outer circumferential holes 34
are formed is set at an axial width (2xL2+L3) that is sub-
stantially equal to a sum of a total axial width (2xL2) of
two connection coils 40 and a thickness (L3) of the par-
tition wall 31c.
[0050] In the base plate assemblies 30L, 30R, as
shown in Fig. 7A, each of the outer surface grooves 37
of the base plates 31L, 31R is formed to be curved along

the involute curve so as to connect the outer circumfer-
ential hole 34 and the radially outer through hole 32 that
is spaced a predetermined angle in a counterclockwise
direction from the outer circumferential hole 34, when
seen from the front. As shown in Fig. 7B, however, in the
plural outer surface grooves 37 on the base plate 31L,
each of the twelve outer surface grooves 37a that extends
towards the deployed portion 31a is formed to be curved
along the involute curve so as to connect the outer cir-
cumferential hole 34a and the radially outer through hole
32 that is spaced an angle that is slightly greater than
the predetermined angle in the counterclockwise direc-
tion from the outer circumferential hole 34a. Figs. 7A, 7B
show a state in which the outer connection coils 41 and
the inner connection coils 42 described later are accom-
modated in the outer surface grooves 37 and the inner
surface grooves 38, respectively.
[0051] Each of the inner surface grooves 38 of the base
plates 31L, 31R is formed to be curved while avoiding
the radially outer through hole 32 so as to connect the
outer circumferential hole 34 and the radially inner
through hole 33 that are spaced a predetermined angle
in the counterclockwise direction (in a clockwise direction
as seen from the side shown in Fig. 7A) from the outer
circumferential hole 34, when seen from the front. As
shown in Fig. 7B, however, in the plural inner surface
grooves 38 on the base plate 31L, each of the twelve
inner surface grooves 38a that extends towards the de-
ployed portion 31a of the base plate 31L is formed to be
curved along the involute curve so as to connect the outer
circumferential hole 34a and the radially inner through
hole 33 that is spaced an angle that is slightly greater
than the predetermined angle in the counterclockwise
direction from the outer circumferential hole 34a. The re-
maining three inner surface grooves 38a in the fifteen
inner surface grooves 38a communicate with the input
terminal notched portions 34c.
[0052] Namely, as shown in Fig. 7, the radially outer
through holes 32 and the radially inner through holes 33
are connected via the outer circumferential holes 34 to
which the outer surface grooves 37 and the inner surface
grooves 38 continue commonly or the outer circumfer-
ential holes 34a to which the outer surface grooves 37a
and the inner surface grooves 38a continue commonly.

[2-2 Connection Coils]

[0053] The connection coils 40 are formed of a con-
ductive material such as copper into a plate shape and
include the outer connection coils 41 (41 a, 41b) that are
inserted individually into the outer surface grooves 37,
37a and the inner connection coils 42 (42a, 42b) that are
inserted individually into the inner surface grooves 38.
When referred to herein, the outer connection coils 41
mean the connection coils 40 that come to lie on an axially
outer side of the stator 10 and the inner connection coils
42 mean the connection coils 40 that come to lie on an
axially inner side of the stator core 10 when the stator
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core assembly 20 and the base plate assemblies 30L,
30R are assembled together.
[0054] As shown in Fig. 13A, the outer connection coil
41a is a plate conductor having a uniform thickness and
a rectangular cross section. A radially inner end portion
111 is bent radially from an outer connection coil main
body 110 that is formed so as to extend along an involute
curve having the same shape as that of the outer surface
groove 37, and a radially outer end portion 112 is also
bent radially from the outer connection coil main body
110. An outer connection coil extending portion 113 is
formed at the radially outer end portion 112 of the outer
connection coil 41 a so as to extend axially inwards. Axial
widths (L2) of the outer connection coil main body 110
and the radially inner end portion 111 are equal to a depth
of the outer surface groove 37, and an axial width (L4)
of the outer connection coil extending portion 113 is set
at an axial width (2xL2+L3) that is equal to a sum of the
depths of the outer surface groove 37 and the inner sur-
face groove 38 and a thickness (L3) of the partition wall
31c. In addition, the twelve outer connection coils 41b
have the same construction as that of the outer connec-
tion coil 41a except that an outer connection coil main
body 110 is formed so as to be curved into the same
shape as that of the outer surface groove 37a.
[0055] As shown in Fig. 13B, the inner connection coil
42a is a plate conductor having a uniform thickness and
a rectangular cross section. A radially inner end portion
122 is bent radially from an inner connection coil main
body 120 that is formed so as to extend along an involute
curve having the same shape as that of the inner surface
groove 38 by way of a bypass portion 121 that is formed
so as to bypass the radially outer through hole 32, and
a radially outer end portion 123 is also bent radially from
the inner connection coil main body 120. An inner con-
nection coil extending portion 124 is formed at the radially
outer end portion 123 of the inner connection coil 42a so
as to extend axially outwards. Axial widths (L2) of the
inner connection coil main body 120 and the radially inner
end portion 122 are equal to a depth of the inner surface
groove 38, and an axial width (L4) of the inner connection
coil extending portion 124 is set at an axial width
(2xL2+L3) that is equal to a sum of the depths of the outer
surface groove 37 and the inner surface groove 38 and
the thickness (L3) of the partition wall 31c. In addition,
the fifteen inner connection coils 42b that are inserted
into the inner surface grooves 38a basically have the
same configuration as that of the inner connection coil
42a except that the inner connection coil main body 120
is formed so as to be curved into the same shape as that
of the inner surface groove 38a. However, in the fifteen
inner connection coils 42b, the input terminal portions 43
configured for connection to external equipment are
formed integrally on the radially outer end portions 123
so as to fit in the input terminal notched portions 34c on
the three inner connection coils 42b that are disposed in
the positions corresponding to the input terminal notched
portions 34c.

[0056] The outer connection coil 41 and the inner con-
nection coil 42 have the same thickness (t1), and the
thickness (t1) of the outer connection coil 41 and the inner
connection coil 42 is set at a thickness that is the same
as the thickness of the radially outer slot coil 26 and the
radially inner slot coil 27 which have the same thickness.
The thickness (t1) of the outer connection coil 41 and the
inner connection coil 42 is smaller than the axial width
(L2) of the outer connection coil 41 and the inner con-
nection coil 42 (the outer connection coil main body 110
and the inner connection coil main body 120). The afore-
said "the axial width of x connection coils 40 (x=1, 2, 4)"
means the axial width of the outer connection coil main
body 110 and the inner connection coil main body 120.
"Substantially equal" represents an expression including
an error equaling the thickness of the partition wall 31c.
The thickness of the insulation sheet 65 is not taken into
consideration.
[0057] The outer connection coils 41, the inner con-
nection coils 42 and the slot coils 25 can be formed into
the desired axial widths and desired planar shapes by
pressing and punching a metallic sheet (for example, a
copper sheet) having a predetermined thickness (t1).
Further, in the outer connection coil 41, by bending the
pressed and punched sheet conductor, the outer con-
nection coil main body 110 that is formed to extend along
the involute curve having the same shape as that of the
outer surface grooves 37, 37a, the radially inner end por-
tion 111 and the radially outer end portion 112 that are
connected from the outer connection coil main body 110
while being bent can be formed as shown in Fig. 13A.
Similarly, in the inner connection coil 42, by bending the
pressed and punched sheet conductor, the inner con-
nection coil main body 120 that is formed to extend along
the involute curve having the same shape as that of the
inner surface grooves 38, 38a, the radially inner end por-
tion 122 and the radially outer end portion 123 that are
connected from the inner connection coil main body 120
while being bent can be formed as shown in Fig. 13B.
[0058] The outer connection coils 41a, 41b are inserted
into the outer surface grooves 37, 37a of the base plates
31L, 31 R. The radially inner end portions 111 of the outer
connection coils 41 are disposed in the radially outer
through holes 32 and are brought into abutment with the
step portions 26a of the radially outer slot coils 26 that
are inserted into the slots 23 in the stator core 21 and
that are similarly disposed in the radially outer through
holes 32 when assembling the stator core assembly 20
and the base plate assemblies 30L, 30R together, as
shown in Fig. 15.
[0059] The inner connection coils 42a, 42b are inserted
into the inner surface grooves 38, 38a of the base plates
31L, 31R. The radially inner end portions 122 of the inner
connection coils 42a, 42b are disposed in the radially
inner through holes 33 and are brought into abutment
with the step portions 27a of the radially inner slot coils
27 that are inserted into the slots 23 in the stator core 21
and that are similarly disposed in the radially inner
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through holes 33 when assembling the stator core as-
sembly 20 and the base plate assemblies 30L, 30R to-
gether, as shown in Fig. 15.
[0060] The radially outer end portions 112 of the outer
connection coils 41 a, 41b and the radially outer end por-
tions 123 of the inner connection coils 42a, 42b are both
disposed in the outer circumferential holes 34, whereby
side surfaces 113a of the outer connection coil extending
portions 113 that are oriented in the one circumferential
direction and side surfaces 124a of the inner coil extend-
ing portions 124 that are oriented in the other circumfer-
ential direction are brought into abutment with each other
over the whole surface in the radial and axial directions,
as shown in Fig. 14.

[3 Joining]

[0061] The radially inner end portions 111 of the outer
connection coils 41 and the step portions 26a of the ra-
dially outer slot coils 26 which are brought into abutment
with each other, the radially inner end portions 122 of the
inner connection coils 42 and the step portions 27a of
the radially inner slot coils 27 which are brought into abut-
ment with each other, and the outer connection coil ex-
tending portions 113 of the outer connection coils 41 and
the inner connection coil extending portions 124 of the
inner connection coils 42 which are brought into abut-
ment with each other are joined together on planar plate
surfaces thereof that intersect a thickness direction
through welding, preferably through laser welding. In the
following description, joining will be described as being
carried out using laser welding.
[0062] As shown in Fig. 14, in the outer connection coil
extending portions 113 and the inner connection coil ex-
tending portions 124, the side surfaces 113a of the outer
connection coil extending portions 113 that are oriented
in the one circumferential direction and the side surfaces
124a of the inner connection coil extending portions 124
that are oriented in the other circumferential direction are
made to face each other for abutment, both of which are
planar plate surfaces that intersect the thickness direc-
tion and which follow the axial direction, whereby the
plate surfaces are brought into surface contact with each
other over the whole surface in the radial and axial direc-
tions. With both the side surfaces 113a, 124a brought
into surface contact with each other, laser welding is ex-
ecuted along abutment planes P1 that extend in the radial
direction from axially outer sides of the outer circumfer-
ential holes 34, whereby the side surfaces 113a, 124a
are joined together on the abutment planes P1. By adopt-
ing this configuration, the radially outer end portions 112
of the outer connection coils 41 and the radially outer end
portions 123 of the inner connection coils 42 which are
situated in the same outer circumferential holes 34 are
electrically connected together, whereby the base plate
assemblies 30L, 30R are made up. In Fig. 14, the base
plates 31L, 31R are omitted. This will also be true in Figs.
15 and 16 which will be described below.

[0063] As shown in Figs. 15 and 16, in assembling to-
gether the stator core assembly 20 and the base plate
assemblies 30L, 30R, the base plates 30L, 30R are as-
sembled to the stator core assembly 20 in the axial di-
rection with the insulation sheets 65 interposed therebe-
tween while aligning the base plate assemblies 30L, 30R
relatively with the stator core assembly 20 in the circum-
ferential direction, whereby the radially inner end portions
111 of the outer connection coils 41 are brought into abut-
ment with the step portions 26a of the radially outer slot
coils 26 and the radially inner end portions 122 of the
inner connection coils 42 are brought into abutment with
the step portions 27a of the radially inner slot coils 27,
whereby the stator core assembly 20 and the base plate
assemblies 30L, 30R are positioned.
[0064] The step portion 26a of the radially outer slot
coil 26 is made up of a side surface 26b that is a planar
plate surface and which is oriented in the one circumfer-
ential direction and a bottom surface 26c, and a circum-
ferential width of the bottom surface 26c is set at a length
(t1/2) that is about half the thickness (t1) of the radially
outer slot coil 26. In the radially inner end portion 111 of
the outer connection coil 41 that is brought into abutment
with the step portion 26a of the radially outer slot coil 26,
a side surface 111a that is a planar flat surface and which
is oriented in the other circumferential direction is brought
into abutment with the side surface 26b of the step portion
26a over the whole surface, the bottom surface 111b is
brought into abutment with the bottom surface 26c of the
step portion 26a over the whole surface, and a radially
inner end face 111c is brought into abutment with a ra-
dially inner end face 26d of the radially outer slot coil 26
so as to flush with the radially inner end face 26d. The
thickness (t1) of the outer connection coil 41 is thicker
than the circumferential width (t1/2) of the bottom surface
26c, and therefore, the side surface 111d of the outer
connection coil 41 which is oriented in the other circum-
ferential direction protrudes from the bottom surface 26c.
[0065] With both the planar side surfaces 111a, 26b
that intersect the thickness direction and which follow in
the axial direction brought into surface contact with each
other, laser welding is executed along abutment planes
P2 that extend in the radial direction from axially outer
sides of the radially outer through holes 32, whereby the
side surfaces 111a, 26b are joined together on the abut-
ment planes P2. In joining both the side surfaces togeth-
er, the bottom surface 26c of the step portion 26a also
functions to prevent the passage of a laser beam.
[0066] The step portion 27a of the radially inner slot
coil 27 is made up of a side surface 27b that is a planar
plate surface and which is oriented in the other circum-
ferential direction and a bottom surface 27c, and a cir-
cumferential width of the bottom surface 27c is set at a
length (t1/2) that is about half the thickness (t1) of the
radially inner slot coil 27. In the radially inner end portion
122 of the inner connection coil 42 that is brought into
abutment with the step portion 27a of the radially inner
slot coil 27, a side surface 122a that is a planar flat surface
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and which is oriented in the one circumferential direction
is brought into abutment with the side surface 27b of the
step portion 27a over the whole surface, a bottom surface
122b is brought into abutment with the bottom surface
27c of the step portion 27a over the whole surface, and
a radially inner end face 122c is brought into abutment
with a radially inner end face 27d of the radially inner slot
coil 27 so as to flush with the radially inner end face 27d.
The thickness (t1) of the inner connection coil 42 is thicker
than the circumferential width (t1/2) of the bottom surface
27c, and therefore, the side surface 122d of the inner
connection coil 42 which is oriented in the one circum-
ferential direction protrudes from the bottom surface 27c.
[0067] With both the planar side surfaces 122a, 27b
that intersect the thickness direction and which follow in
the axial direction brought into surface contact with each
other, laser welding is executed along abutment planes
P3 that extend in the radial direction from axially outer
sides of the radially inner through holes 33, whereby the
side surfaces 122a, 27b are joined together on the abut-
ment planes P3. In joining both the side surfaces togeth-
er, the bottom surface 27c of the step portion 27a also
functions to prevent the passage of a laser beam. The
radially innermost portions 39 of the base plates 31L,
31R where the radially inner through holes 33 are formed
are set at an axial width that corresponds to the depth of
the inner surface grooves 38, 38a, and therefore, a laser
gun does not have to be inserted deeply into the radially
inner through holes 33.
[0068] Similarly, the step portions 26a of the radially
outer slot coils 26 that are disposed in the radially outer
through holes 32a where the busbar notched portions
are formed and the busbar connecting portions of the
busbars 61U, 61V, 61W that are disposed in the busbar
notched portions are laser welded together, and the step
portions 27a of the radially inner slot coils 27 that are
disposed in the radially inner through holes 33a where
the middle point busbar notched portions are formed and
the middle point busbar connecting portions of the middle
point busbars 62 are laser welded together, whereby the
busbars 61U, 61V, 61W and the middle point busbars 62
are joined individually to the radially outer slot coils 26
and the radially inner slot coils 27.
[0069] The radially outer through holes 32, 32a, the
radially inner through holes 33, 33a and the outer circum-
ferential holes 34 exhibit a rectangular shape as seen
from the axial direction and have a space greater than
the coil members (the radially outer slot coils 26, the ra-
dially inner slot coils 27, the outer connection coils 41,
the busbar connecting portions, the middle point busbar
connecting portions) that are disposed in the interiors
thereof, that is, gaps are provided between the laser
beam shining portions and the base plates 31L, 31R, and
therefore, the base plates 31L, 31R can be prevented
from being damaged by the laser beam.
[0070] By joining the constituent members together in
the way described above, the base plate assemblies 30L,
30R are assembled to the stator core assembly 20 in

such a state that the radially outer slot coils 26 and the
radially inner slot coils 27 which are inserted into the slots
23 of the stator core 21 are electrically connected togeth-
er via the outer connection coils 41 and the inner con-
nection coils 42. The outer connection coils 41 and the
inner connection coils 42 make up bridge portions of the
coil 50 which connect the slot coils 25 of the same phase
(for example, the U phase) together.
[0071] Consequently, for example, as shown in Fig.
10, in relation to the radially outer slot coil 26 and the
radially inner slot coil 27 which are disposed in the same
slot 23, the outer connection coil 41 that is connected at
one end (a near end in the figure) of the radially outer
slot coil 26 extends radially outwards and clockwise to
be connected to the inner connection coil 42 of the same
phase, while the outer connection coil 41 that is connect-
ed at the other end (a far end in the figure) of the radially
outer slot coil 26 extends radially outwards and counter-
clockwise to be connected to the inner connection coil
42 of the same phase. In addition, the inner connection
coil 42 that is connected at one end (a near end in the
figure) of the radially inner slot coil 27 extends radially
outwards and counterclockwise to be connected to the
outer connection coil 41 of the same phase, while the
inner connection coil 42 that is connected to the other
end (a far end in the figure) of the radially inner slot coil
27 extends radially outwards and clockwise to be con-
nected to the outer connection coil 41 of the same phase.
[0072] In this way, the stator 10 is made up by assem-
bling the pair of base plate assemblies 30L, 30R to both
the ends of the stator core assembly 20, whereby the
segmented coil 50 forms six coil loops (U-phase coil 50U,
V-phase coil 50V, W-phase coil 50W) having the same
construction for each phase. In the six coil loops (U-phase
coil 50U, V-phase coil 50V, W-phase coil 50W) for each
phase, three sets of U-phase coils 50U, three sets of V-
phase coils 50V, and three sets of W-phase coils 50W,
each set being made up of two coil loops, are wound
counterclockwise in this order through wave winding (re-
fer to Fi g. 11). Fig. 8 is a perspective view of the coils of
the different phases showing the segmented coils of the
plurality of phases (U, V, W phases) which are taken out
of the stator 10 for the purpose of easy understanding,
Fig. 9 is a front view of the Fig. 8, Fig. 10 is a perspective
view of the coils of one phase (for example, U phase)
which are further taken out of the coils of the plurality of
phases, Fig. 11 is a development view showing a mode
of connecting the U-phase coils, and Fig. 12 is a sche-
matic diagram showing a mode of connecting the U-
phase, V-phase and W-phase coils together.
[0073] A mode of connecting the coils of each phase
or U phase, for example, will be described in greater detail
by reference to Fig. 11. In the six coil loops that make up
the U-phase coil, three coil loops (U loops) are continu-
ously wound clockwise through wave winding, while
three coil loops (U loops) are continuously wound coun-
terclockwise through wave winding, and the U loops and
the U loops are connected in series by the busbar 61U.
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The radially outer slot coil 26 and the radially inner slot
coil 27 that are covered with the insulation material 28
and which are disposed in one slot 23 are made up of
the coil that make up the U loop and the coil that make
up the U loop, and an electric current flows in the same
direction.
[0074] For example, when paying attention to one of
the U loops, as shown in Fig. 11, the coil is connected
from an axial end (a right-hand side in the figure) of the
radially outer slot coil 26 that is disposed in the U-phase
slot 23, and then connected through the outer connection
coil 41 and the inner connection coil 42 in this order to
the radially inner slot coil 27 in the next U-phase slot 23.
Thereafter, the coil is connected from the other axial end
(a left-hand side in the figure) of the radially inner slot
coil 27, and then connected through the inner connection
coil 42 and the outer connection coil 41 in this order to
the radially outer slot coil 26 in the following U-phase slot
23. From this on, this connecting configuration is repeat-
ed to form the U loop.
[0075] Similarly, in six loops that make up one of the
coils of the remaining another two phases, that is, the V-
phase coil (the W-phase coil), too, three V loops (W
loops) and three V loops (W loops) that are wound
through wave winding in opposite directions are connect-
ed in series by the busbar 61V (the busbar 61W), and
the radially outer slot coil 26 and the radially inner slot
coil 27 that are disposed in one slot 23 are made up of
the coil that make up the V loop (W loop) and the coil that
make up of the V loop (W loop), and an electric current
flows in the same direction. The U-phase coil 50U, the
V-phase coil 50V and the W-phase coil 50W are star
connected at the middle point busbar 62 as shown in Fig.
12.
[0076] In the stator 10, the outer connection coil 41 and
the inner connection coil 42 are disposed within an area
produced by projecting the stator core 21 in the axial
direction and are disposed in different positions in relation
to the axial direction. In addition, outer surfaces of the
plurality of outer connection coils 41a, 41b that are dis-
posed axially outwards of the stator 10 flush with the end
faces of the base plates 31L, 31R.
[0077] In addition, the stator 10, since the coil 50 is
formed as a result of the slot coils 25 being joined to the
connection coils 40, the electric conductivities of both the
coils 25, 40 can be made to differ from each other. In the
slot coil 25 disposed in the slot 23, the sectional area of
the conductor tends to be limited by the limitation on the
dimensions of the slot 23. However, the connection coil
40 that is situated axially outwards of the axial end face
of the stator core 21 is free from the limitation described
above, and therefore, the sectional area of the conductor
of the connection coil 40 that intersects the electric cur-
rent direction at right angles is made greater than the
sectional area of the conductor of the slot coil 25 that
intersects the electric current direction at right angles as
much as possible to such an extent that an axial instal-
lation space of the stator permits, whereby the increase

in electric resistance of the whole of the coil can be sup-
pressed, thereby making it possible to suppress the cop-
per loss. In addition to this, the connection coil 40 may
be made of a material whose electric conductivity is
smaller than the electric conductivity of the material that
makes up the slot coil 25. For example, the slot coil 25
is made of copper, while the connection coil 40 is made
of aluminum that is less expensive than copper, whereby
the increase in production costs can be suppressed while
suppressing the increase in electric resistance of the
whole of the coil.
[0078] Thus, as has been described heretofore, ac-
cording to the stator for the electric rotary machine 10 of
this embodiment, since the slot coil 25 and the connection
coil 40 are formed of the plate conductors, a projecting
portion and a hole portion do not have to be formed with
such a high accuracy as required for the conventional
crimping portions. In addition, since the clot coils 25 and
the connection coils 40 can be easily produced using the
conductive material by the pressing and punching meth-
od or the like, the increase in production costs can be
suppressed. In particular, since the slot coils 25 and the
connection coils 40 can be formed of the common sheet
material by making the thickness of the slot coils 25 equal
to the thickness of the connection coils 40, the yield of
the material can be improved, thereby making it possible
to suppress the increase in production costs. As de-
scribed above, by changing the thickness of the connec-
tion coils 40, the sectional area of the conductors of the
connection coils 40 can be changed to differ from that of
the slot coils 25, and further the connection coils 40 can
be formed of a different material.
[0079] Since the slot coils 25 and the connection coils
40 are joined together on the abutment surfaces P2, P3
in such a state that the plate surfaces of the plate con-
ductors thereof are caused to face each other for surface
contact, it becomes easy to ensure the joining area,
whereby not only can the joining strength be ensured but
also the increase in contact resistance can be sup-
pressed.
[0080] In addition, since the step portions 26a, 27a are
formed on the abutment portions of the slot coils 25 and
the connection coils 40, the slot coils 25 and the connec-
tion coils 40 can easily be positioned at the step portions
26a, 27a, whereby the space where to dispose any fas-
tening jig on the periphery can be omitted. In the embod-
iment, while the step portions 26a, 27a are formed on
the radially outer slot coil 26 and the radially inner slot
coil 27, the invention is not limited thereto. Thus, step
portions may be formed on the radially inner end portion
111 of the outer connection coil 41 and the radially inner
end portion 122 of the inner connection coil 42.
[0081] Additionally, since the thickness (t1) of the con-
nection coil 40 that is arranged so that the plate surfaces
to be joined follow an axial direction is smaller than the
axial width (L2) thereof, the connection coils 40 of the
different phases that are arranged in the same axial po-
sition can be disposed closely in the circumferential di-
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rection. By adopting this configuration, the increase in
axial width (the increase in the number of stages) can be
suppressed which would otherwise be caused by stack-
ing up the connection coils 40 of the different phases in
the axial direction, whereby the stator 10 can be made
smaller in size as a whole.
[0082] In the radially inner connection coil 42 and the
radially outer connection coil 41 that make up the con-
nection coil 40 that are disposed in the different axial
positions, since the outer connection coil extending por-
tion 113 and the inner connection coil extending portion
124 are joined to each other, the necessity of preparing
a connection member like a pin to connect the inner con-
nection coil 42 and the outer connection coil 41 together
is obviated, whereby the increase in the number of con-
stituent parts that make up the connection coil 40 can be
suppressed. It should be noted that an axial extending
portion may be formed only on either of the inner con-
nection coil 42 and the outer connection coil 41.
[0083] It is preferable that the surfaces of the slot coil
25 and the connection coil 40 have no insulation coatings.
Since the insulation between the adjacent slot coils 25
or the adjacent connection coils 40 can be ensured by
the base plates 31L, 31R and the insulation material 28
without coating the surfaces of the slot coils 25 and the
connection coils 40 with the insulation coatings, the in-
crease in production costs can be suppressed, compared
with a case where a conductor is used on which an in-
sulating coating is formed in advance.
[0084] The invention is not limited to the embodiment
which has been described heretofore and hence can be
modified or improved as required.
[0085] For example, in the embodiment, while the sta-
tor of triple slot type is illustrated in which the coils of the
same phase are disposed in every three slots that lie
adjacent to one another in the circumferential direction,
the invention is not limited to this configuration. Thus, a
stator of single slot type in which coils of different phases
are disposed individually and sequentially in slots that
are arranged in the circumferential direction or a stator
of double slot type in which coils of the same phase are
disposed in every two slots that lie adjacent to each other
in the circumferential direction may be used.
[0086] The form of connecting the coils is not limited
to the one described in the embodiment. Thus, arbitrary
specifications can be selected, and a direct connection
and a parallel connection can also be selected as re-
quired.
[0087] In the embodiment, the step portions 26a, 27a
are formed at the distal end portions of the radially outer
slot coil 26 and the radially inner slot coil 27 so as to be
oriented in the opposite circumferential directions. How-
ever, as shown in Fig.17, a configuration may be adopted
in which the step portions 26a, 27a are formed at the
distal end portions of the radially outer slot coil 26 and
the radially inner slot coil 27 so as to be oriented in the
same circumferential direction so that the radially inner
end portion 111 of the outer connection coil 41 and the

radially inner end portion 122 of the inner connection coil
42 are brought into abutment with each other from the
same direction.
[0088] In addition, an insulating cover may be disposed
axially outwards of the pair of base plate assemblies 30L,
30R, and they may be covered with a resin or the like.

Description of Reference Numerals and Characters

[0089]

10 stator for electric rotary machine
20 stator core assembly
21 stator core
21a, 21 baxial end face of stator core
23 slot
25 slot coil (coil)
26 radially outer slot coil
26a step portion
26b side surface
27 radially inner slot coil
27a step portion
27b side surface
28 insulation material
30L, 30R base plate assembly
31L, 31R base plate
40 connection coil (coil)
41, 41a, 41b outer connection coil
42, 42a, 42b inner connection coil
50 coil
111a side surface
113 outer connection coil extending portion
122a side surface
124 inner connection coil extending portion
P2, P3 abutment surface (abutment portion)

Claims

1. A stator for an electric rotary machine comprising:

a stator core, which has plural slots; and
a coil, which is attached to the stator core,
wherein:

the coil has plural slot coils, each slot coil
being inserted into the slot, and plural con-
nection coils, each connection coil connect-
ing the slot coils in a position lying further
axially outwards than an axial end face of
the stator core, and is constituted in such a
way that the slot coil and the connection coil
are joined at an abutment portion;
the slot coil and the connection coil are
formed by plate conductors, the plate con-
ductor having a plate surface that is planar
and that intersects a thickness direction
thereof; and
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the plate surface of the slot coil is brought
into surface contact with the plate surface
of the connection coil in the abutment por-
tion.

2. The stator for an electric rotary machine according
to Claim 1, wherein:

a step portion is formed on at least one of the
slot coil and the connection coil in such a way
that a thickness thereof is reduced partially; and
an other of the slot coil and the connection coil
is brought into abutment with the step portion
formed on the at least one of the slot coil and
the connection coil.

3. The stator for an electric rotary machine according
to Claim 1 or 2, wherein:

the connection coils are aligned so that the plate
surfaces thereof follow an axial direction; and
a thickness of the connection coil is smaller than
an axial width thereof.

4. The stator for an electric rotary machine according
to any one of Claims 1 to 3, wherein:

the connection coil comprises an inner connec-
tion coil and an outer connection coil that are
disposed in different axial positions;
at least one of the inner connection coil and the
outer connection coil comprises an axial extend-
ing portion that extends in the axial direction; and
the inner connection coil and the outer connec-
tion coil are joined together via the axial extend-
ing portion.

5. The stator for an electric rotary machine according
to any one of Claims 1 to 4, wherein
a thickness of the slot coil and a thickness of the
connection coil are equal to each other.

6. The stator for an electric rotary machine according
to any one of Claims 1 to 5, wherein
a sectional area of the connection coil that intersects
an electric current direction at a right angle is greater
than a sectional area of the slot coil that intersects
the electric current direction at a right angle.

7. The stator for an electric rotary machine according
to Claim 6, wherein
an electric conductivity of a material that makes up
the connection coil is smaller than an electric con-
ductivity of a material that makes up the slot coil.

8. The stator for an electric rotary machine according
to any one of Claims I to 7, wherein:

the slot coils are covered with an insulation ma-
terial; and
the connection coils are accommodated in an
insulation plate.

9. The stator for an electric rotary machine according
to Claim 8, wherein surfaces of the slot coil and the
connection coil have no insulation coatings.

10. A stator for an electric rotary machine comprising:

a stator core, which has plural slots; and
a coil, which is attached to the stator core,
wherein:

the coil has plural slot coils, each slot coil
being inserted into the slot, and plural con-
nection coils, each connection coil connect-
ing the slot coils in a position lying further
axially outwards than an axial end face of
the stator core, and is constituted in such a
way that the slot coil and the connection coil
are joined at an abutment portion; and
a sectional area of the connection coil that
intersects an electric current direction at a
right angle is greater than a sectional area
of the slot coil that intersects the electric cur-
rent direction at a right angle.
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